bacilliformis increased the susceptibility of rabbits to the lethality of subsequently administered Bartonella metabolites. In animals sensitized with 3 weekly doses of the organism, this susceptible state of hyper-reactivity was maximal between 4 and 14 days postsensitization (primary hyper-reactive state) and persisted for at least 4 weeks, after which the animals were nonreactive (tolerant state). However, on the 84th day, the susceptible state could once again be demonstrated (secondary hyper-reactive state). Animals sensitized with only 1 or 2 weekly doses of the organism were rendered nearly as susceptible, but the time interval between the primary and secondary states of hyper-reactivity was much shorter, indicating that the hyper-reactive states were dependent upon the degree of sensitization. Symptoms displayed by such animals demonstrated an association with endotoxic shock and an anaphylactic or immediate hypersensitive response, the reaction frequently being severe enough to lead to the death of the animal within 24 hr. The histological findings were those of the generalized Shwartzman phenomenon with indications of shock. Such hyper-reactive animals produced an early-occurring, precipitating antibody specific for the somatic, endotoxic component of various gram-positive microorganisms. Injection of sera from the hyper-reactive animals into normal, nonsensitized animals resulted in a passive, hyper-reactive state in the latter animals. A distinct relationship between the levels of specific antibody and the degree of demonstrable hyper-reactivity was observed. This relationship is discussed relative to the histological findings of the hyperreactive animals.
Various microorganisms have been shown to be capable of inducing a state of sensitivity to endotoxin (hyper-reactivity, enhanced susceptibility, or increased host response) which results when animals are experimentally infected. Such a state is demonstrated upon subsequent injection of nonlethal doses of bacterial metabolites, i.e., endotoxin. This phenomenon is now recognized to be a common occurrence, having been found in a number of experimental infections of various animal species (24) .
Several hypotheses have been advanced to explain this hyper-reactivity to endotoxin, but there is little evidence to suggest an operative immunological phenomenon. Boivin and Delaunay (3) and Dubos, Schaedler, and Bohme (6) suggested that the administration of endotoxins, through an enhancing action upon the experimental infection, converted a dormant infection into a lethal one. In support of this interpretation, we have observed that deaths, after endotoxin injection, occur over a period of 20 days, with a detectable increase in the number of infecting organisms cultured from the animals prior to death. However, other workers have been unable to detect increases in the number of organisms and have reported that deaths occurred within 8 to 48 hours (2, 11) . Abernathy and co-workers (2) postulated that it is more likely that these deaths represent a di- MITCHELL AND SLACK responsible for the host responses to subsequently administered doses of endotoxin.
An immunological phenomenon for explaining the hyper-reactivity of mice injected with BCG, to various endotoxins, could not be substantiated (21) (22) (23) 25) . Previous investigations have demonstrated primarily that the induction of the hyper-reactive state is nondependent upon infection and that transfer of the hyper-reactive state cannot be accomplished by cells or serum.
While immunizing rabbits with Bartonella bacilliformis, we observed a phenomenon which simulated sensitivity to endotoxin. Specifically, animals previously immunized were found to be more susceptible to the toxic and lethal actions of Bartonella metabolites than were normal animals. The investigation to be described here explored in detail the induced state of hyper-reactivity in animals sensitized with B. bacilliformis. The various experiments undertaken were concerned with the production and duration of the hyper-reactive state, the possible relation of hyper-reactivity to (10) . For injection purposes, the LPS preparations were reconstituted in sterile, nonpyrogenic saline to give a final concentration of 0.6 mg/ml, with a total of 3.0 ml given in all instances. Challenging procedure employed to detect a state of hyper-reactivity. Sensitized rabbits were challenged intravenously at various, predetermined intervals after the sensitization period. Inocula consisted of single doses, 3.0 ml each, of the intact cells, sonically disrupted cells, culture supernatant fluid, or the LPS preparation of B. bacilliformis. Nonsensitized animals were injected in the same manner for control purposes.
Serological procedures. The immunodiffusion method employed was that previously described by Mitchell and Burrell (8) . In almost all instances, the sharpest reactions were obtained after 3 to 4 days of incubation. The above-described sonically treated cell suspensions and the LPS preparations served as antigens.
Amounts of 5 to 8.0 ml of blood were withdrawn from the sensitized animals at various intervals preceding the challenge inoculation. The sera were subsequently analyzed for precipitating antibody. For control purposes, nonsensitized animals were bled and challenged in the same manner to determine whether the bleeding procedure influenced the host response. Such animals were observed to be nonreactive to the challenge dose.
Passive sensitization was accomplished by intraperitoneal injection of serum which had been taken from sensitized animals just prior to challenge with the various preparations. A period of 5 to 8 hr was allowed to elapse before we attempted to elicit the shock state with sonically disrupted cells.
Histological procedures. Tissues of animals succumbing to challenge were routinely processed according to conventional procedures of the hematoxylin and eosin staining technique. The organs examined were heart, thymus, lung, liver, spleen, and kidney. When strain VS-320 was used, the above experiment was extended by determining the susceptibility, to sonically disrupted organisms, in rabbits which had been less extensively sensitized. It was observed that animals sensitized for only 1 Fig. 2 , it was demonstrated that such an antibody response was nonspecific from the point of view of heterologous bacterial preparations. However, the response was specific in terms of a demonstrable common antigenic constituent among the various bacteria, and was identical with that of LPS, which reacted with the additional antibody existent in the hyper-reactive animals.
RESULTS

Production
To demonstrate further that the observed hyper-reactivity was an immunological phenomenon, precipitin titers were determined on the sera of a group of 25 animals demonstrating the hyper-reactive and tolerant states during a 40-week period after sensitization. Three to four animals were tested at each particular interval. Only antibody titers relevant to the somatic, endotoxin antigen were measured. The results of this study are presented in Fig. 3 . It can be seen that: (i) the appearance of the hyper-reactive state as measured by mortality parallels the appearance of detectable antibody, (ii) the state of tolerance exists during that period when antibody is detected in its greatest concentration, and (iii) the "secondary" state of hyper-reactivity is only demonstrable when the antibody titer falls to an "optimal" concentration similar to that which occurs during the "primary" state of hyper-reactivity.
A separate experiment, which was preliminary in nature and has not been expanded to include more animals, involved transfusing a sensitized animal at an interval when antibody was detec- (Table 5 ). Such data show the amount of serum from hyper-reactive animals (demonstrating two bands of precipitation) sufficient to cause increased response rather than protection when challenged under the given conditions. Sera from refractive or "tolerant" animals (demonstrating zero to one band of precipitation) did not induce such a state. In addition, animals weighing 3 to 4 lb could not be passively sensitized with a given amount of serum shown to be capable of passively sensitizing older animals. The sera employed were obtained from the sensitized animals just prior to challenge. In a separate study, number of circulating leukocytes, and blood coagulability decreased; (ii) irregular respiration and hyperventilation occurred; and (iii) ears became hyperemic and subsequently blanched. A convulsive death occurred between 24 and 48 hr and, upon autopsy, the right side of the heart was found to be extremely dilated; inferior vena cava, portal vein, and liver were engorged with blood.
Upon histological examination of the various tissues, three pathological changes were most prominent: (i) deposition of a fibrin-like material (fibrinoid) within the glomerular capillaries, splenic and liver sinusoids, and thymic lobules, indicative of the generalized Shwartzman reaction (4, 27, 28); (ii) subendothelial accumulations of fibrinoid and red blood cell occlusions of major arteries in the lung, liver, and heart; and (iii) absence of an acute or chronic inflammatory cell infiltration. Figures 4 through 9 serve to illustrate these findings. Comparable lesions were observed in the passively sensitized animals which succumbed to challenge, whereas such lesions were nonexistent during the sensitization process prior to challenge. DIscussioN
Immunological phenomena have been implicated for the major effects of endotoxin, i.e., shock, lethality, localized and generalized Shwartzman reactions, fever, and tolerance, and have been reviewed elsewhere by Stetson (17) (18) (19) 
